Objective: To investigate the functional connection between motor cortex and muscles, we measured electroencephalogram-electromyogram (EEG-EMG) coherence of stroke patients and controls. Methods: Eight healthy controls and 21 patients with shoulder and elbow coordination deficits were enrolled. All subjects performed a reaching task involving shoulder flexion and elbow extension. EMG of the anterior deltoid (AD) and brachii muscles (BB, TB) and 64-channel scalp EEG were recorded during the task. Time-frequency coherence was calculated using the bivariate autoregressive model. Results: Stroke patients had significantly lower corticomuscular coherence compared with healthy controls for the AD and BB muscles at both the beta (20-30 Hz) and lower gamma (30-40 Hz) bands during the movement. BH procedure (FDR) identified a reduced corticomuscular coherence for stroke patients in 11 of 15 scalp area-muscle combinations. There was no statistically significant difference between stroke patients and control subjects according to coherence in other frequency bands. Conclusion: Poorly recovered stroke survivors with persistent upper-limb motor deficits exhibited significantly lower gamma-band corticomuscular coherence in performing a reaching task. Significance: The study suggests poor brain-muscle communication or poor integration of the EEG and EMG signals in higher frequency band during reaching task may reflect an underlying mechanism producing movement deficits post-stroke.
Introduction
Motor deficits are a major consequence of stroke. Though it is generally believed that stroke interrupts the neural networks that control movements, little is known regarding the underlying mechanisms of the impairments in cortical control or in the neural connections between cortex and muscle that cause the motor deficits. Previous studies have indicated that the cortical representation of movement changes post-stroke. For example, excess activation of extra motor areas can occur (Weiller et al., 1993; Cao et al., 1998; Calautti et al., 2001a) and abnormally elevated bilateral activation can occur (Cramer et al., 1997; Seitz et al., 1998; Marshall et al., 2000) . Additionally, an abnormal shift of activation can occur between contralateral and ipsilateral hemispheres (Nelles et al., 1999; Marshall et al., 2000; Calautti et al., 2001b) . Consistent with these findings is the abnormal corticocortical coherence post-stroke (Strens et al., 2004; Gerloff et al., 2006) . However, few studies have examined the effects of stroke on the functional coupling between cortical commands and consequent muscle activation. It is unknown whether the strength of functional corticomuscular coupling is weakened in stroke patients with motor deficits.
Oscillatory activities are common features of brain signals, as measured by electrophysiological signals. Cortical oscillatory drives are coupled with muscle activation in several different frequency bands, depending on the functions engaged within the motor system. For example, corticomuscular oscillation at $10 Hz is considered to indicate pulsatile communication between brain and muscle (Vallbo and Wessberg, 1993) , and the oscillation in the beta band (13-30 Hz) is associated with strategies for controlling submaximal muscle force (Conway et al., 1995; Halliday 
